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ABSTRACT 

This paper is concerned with aooie of tho meteorological con- 

ditions associated with the intensive rainfall over Kunsas which 

resulted in ono of the major floods in the Middle West on July 13, 

1951. The major damages wore in thu industrial areas of Kansc3 City, 

Kunscs, and Kansas City, Missouri. 

Tho precipitation had a diurnal maximum near 3 A.M. local time 

and minimum during late afternoons. Fran July 9th to the 13th there 

was a stationary front along the border of Kansas and Oklahoma. The 

circulation in tho lower layers was such that there was a component 

of wind up tho frontal slope. This northward component of the wind 

also hod a diurnal variation which agreed closely with the diurnal 

variation in precipitation. There was convergence at 10,000 ft. over 

the precipitation area most of the timo throughout the period. The 

slight diurnal variation ir. the difference between the temperaturo 

and dewpoint in the lowor layer of air being lifted was also a fac- 

tor which added to the diurnal variation in precipitation. 
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1. INTRODUCTION 

A major flood developed in the Central United States July 13, 

1951* The greatest damages were in the industrial areas of Kansas City, 

Kansas and Kansas City, Missouri. According to Alexander Jill , pre- 

liminary estimates indicated one billion dollars of physical damage 

and an equal amount in losses due to interruption of business and 

production. The loss of 17 lives may be attributed directly to the 

flood. 

Host of the rainfall contributing to the flood occurred from 

the 9th to the 13th of July inclusive. It appears from the U. S. 

Weather Bureau data that the larger amounts of precipitation during 

this period were more or lesn concentrated over the northern and 

eastern parts of Kansas. During this five-day period some official 

Weather Bureau rain gages measured over 15 inches while some unofficial 

gages reported more then 17 inches. The isohyetal map in fig. 1, 

taken from C^l >  shows the excessive rainfall pattern for the storm. 

With such heavy rainfall day after day, the soil soon became completely 

I saturated, resulting ir. heavy runoff into the streams which finally 

overflowed their banks. 

According to Handeby £33 , the runoff value approached very 

close to 100 per cent by the end of the period. Runoff values were 

large because the soil at the beginning of the period wus still quite 

wet from the excessive precipitation in June. The isohyetal map in 

fig. 2,  taken from C2} , shows the rainfall patterns for June 1951. 

According to the U. S. Weather Bureau publication of climatological 

data [/>") , the average rainfall over Kansas for June 1951 was 9.55 

inches. This was 5.58 inches above normal. 
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. A very interesting feature, which is not obvious from the 

ordinary analysis of the surface weather maps of 0030 GMT and 

1230 GMT C.figa. 6 through 111 at the end of this paper, is the 

diurncl variation cf precipitation. In fig. 3 the number of stations 

reporting rainfall in Kansas was plotted for each hour during the 

five-day period. Fig. A shows the total amount of rainfall each 

hour during the period. Fig. 5 shows the average rainfall per 

reporting station in Kansas for each hour during the period. These 

three graphs were prepared from the Climatologlccl Data for Kansas £ 53 

to establish firmly the fact that there was a diurnal variation in 

precipitation during the stom period. It is obvious that one should 

be more concerned with quantitative considerations of diurnal varia- 

tions while investigating a flood problem, but, as far as tho scope 

of this paper is concerned, it was felt that these graphs would be 

sufficient. 

2. SURFACE ANALYSIS 

The 3eries of surface weather maps, figs. 6-11, is for the 

period July 10-13, 1951. A cold front moved over the northern plains 

to Kansas or. the 8th with no appreciable rainfall being reported. As 

the front moved southward it decelerated, becoming stationary in southern 

Kansas end northern Oklahoma by the afternoon of the 9th. This is 

shown in fig. 6. The wedge of cold air behind the front, even though 

relatively thin, was sufficient to produce cloud?, scattered showers 

and thunderstorms in the worm air moving northward over the frental 

surface. This condition prevailed for several days. During thi3 time 

the front renudr.ed practically stationary and there was a diurnal 



variation In precipitation. It wc.s not determined in thio investiga- 

tion whether or not there was a widening of the frontal rain belt 

during the night as was suggested by Dexter CO • Finally the front 

began to move slowly southward, as shown ir. fig. 11, with diminishing 

rain and thunderstorm activity especially over the area wo are con- 

cerned with. The times of the surfaco weather maps do not correspond 

to the times at which maxima and r.inlma of the diurnal variation in 

precipitation occurred. Therefore tho greatest degree of diurnal 

variation could not bo detoctod from those surface weather &&ps alone. 

3. CONDITIONS ALOFT AND DIURNAL VARIATION IN PRECIPITATION 

It was po.lntod out by Carr £7J that tho characteristic flow 

pattern of the middle troposphere air over the western part of North 

America during June and tho early part of July, consisted of a north- 

south ridge of high pressure over the Gulf of Alaska and a trough of 

low pressure extending from the Dakotas southwestward to Nevada and 

Utah. Once this trough is formed it usually lasts for several days. 

This condition was predominant during the period under consideration, 

as is shown on the 70C-mb charts, fige. 12-14. However, during the 

latter part of the period the trough dirsap cared (see fig. 17). Tho 

persistence of the ridge in the Alaskan Gulf is considered to be a 

very important feature in the study of such troughs. Tho ridge might 

be thought of as a parent to the trough because onco the ridge is 

formed, a trough will develop downstream. This fact might be ex- 

plained, in part, by a consideration of Rocsby's idea of constant 

vorticity trajectories. Alternatively, Carr [.7 3 describes Wobus1 
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cxplanuticr. of this dynamic factor (unpublished paper not available to 

writer) in the following manner. "Assuming that air parcels approcch- 

ing the ridge from the southwest havo a fcirly high speed (as is often 

observed) they will not only fail to curve with the contours but will 

move acros3 them toward lower contour heights, resulting in accelera- 

tion. Then, if the goostrophic wind as indicated by the contour gra- 

dient tc the ea3t of the ridge is less than the actual wind speed 

(as is frequently observed), the air parcels must curve to tho right. 

In doing 30 they move toward higher contours, decelerate, and later 

recurve to tho loft, the trajectory taking the form of a trough. 

  His theory assumes that the contour field tends eventually to 

become adjusted to the wind flow, requiring for the formation of the 

trough thr.t the atmosphere undergo net horizontal mass divergence in 

the area of trough formation." 

In this investigation, there was found in the troposphoro, 

especially at the 70O-mb surface, a persistent ridge in extreme 

wostern Canada end a trough oriented mainly northeast-southwest from 

the Dakotas tc Nevada and Utah. Rain, mostly in the form of showers, 

was occuring north of the stationery front. Later in the period, the 

ridge of high pros jure weakened end gradually moved eastward. Tho 

trough then disappeared. By this time, the stationary front through 

southern Kansas and northern Oklahoma began to move southward. Then 

rain ceased over Kansas. 

This investigation included wind field analyses ut one level only 

because of tine limitations. It uas decided to focus attention on 
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the 10,000-ft level. This lovol was chosen for t*ra reasons. First, 

it was desirable to select a level above tho friction layer so as 

to minimize tho number of singular points in the wind field, and 

which will be more or loss representative of the flow in the lower 

troposphere Socondly, It was desirable to consider a surfaco be- 

low the level of nondivergenco so that tho divergence computed on 

this surface would bo representative of the lower layer. 

Wind field analyses were made for tho 10,000-ft level twice 

daily at 0300 GMT and 1500 GMT during the period. All available 

wind data were used in proparing the isogon-isovol analyses. Stream- 

linos were drawn on these isogon-isovel maps. Figs. 15-16 show the 

10,000-ft streamlines and isovels at O.'OO GMT and 1500 GMT on the 12th 

of July 1951. Tho characteristic flow patterns on these two maps are 

considered to be very noarly representative for this level throughout 

the period. 

Fields of the horizontal velocity divergence were computed 

from the isogon-isovel maps by tho use of the Graham Computer £8}. 

Some of those arc shown in figs. 18-21. It can bo seen from these 

maps that most of tuo state of Kansas was in a zone of convergence 

at 10,000 feet throughout tho period of large diurnal variation in 

precipitation. It should be noted, however, that horizontal con- 

vergence for only one lovel is shown. To obtain a representative 

value of tho convergence in the lower layor it is obvious that 

one must consider more then just one level. 

The diurnal variation in precipitation agrees very closely 

with tho variation of the northward component of tho wind in the 
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wana air vhich is being lifted along tho frontal surface In fig, 22 

graphs (a)-(m) aro tho profiles of tho northward componont of tho wind 

at Oklahoma City, Oklahoma. Whonovor wind data from Oklahoma City 

were missing, wind data at Tulsa, Oklahoma were substituted. These 

profiles aro for every six hours from 0900 GMT on July 10th to 0300 GMT 

on the 13th. 

Those profiles clearly show that tho strongest northward com- 

ponent of tho wind throughout tho period occurred at 0900 GMT at a 

height of 2,000 to 3,000 feet above tho station. The tines of this 

strong northward component of wind agree very closely with the times 

at which there were diurnal maxima of precipitation. To obtain a 

relative measurement of tho mass of air moving northward, the areas 

of the profiles undor 8,OX feet were measured in percentage of tho 

aroa at 0300 local time, July 10, 1951* These percentage measurements 

arc shown in tchlo 1. 

If it i3 assumed that there is no timo variation of the air 

density at any given level between tho surface and 8,000 feet, it 

can easily be seen from the profiles and table 1 that the observed 

relative transport of air northward was greater at 0900 GMT than 

at any of the other observation times. This maximum mass transport 

also agreos closely with the times of diurnal maxima in precipitation. 

After studying the profiles and table 1, one may suspect that the 

maximum northward componont of the wind and the maximum percentage 

area of tho profile occurred a short timo beforo 0900 GMT. If one 

correlates the movement of moss of air up the frontal surface with tho 

amount of rainfall, ctio must consider a time lag, tho time required 
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for tho precipitation to reach tho ground and be recorded. A time 

lag of ono to two hours seems reasonable 

TABLE 1 

PERCENTAGE AREAS OF THE WIND PROFILES IN FIG, 22 

Fig. 22 Area GST 

(o) 

(b) 

(c) 

(d) 

(o) 

(f; 

(g) 

(b) 

(i) 

(J) 

W 
(m) 

100 0300 

65 0900 

59 1500 

('nia3ir.g) 

8P 0300 

5C 0900 

45 1500 

60 2100 

69 0300 

Al 0900 

52 1500 

51 2100 

7AO/51 

7/11/51 

7/12/51 

If such a time lag is considered i : this investigation and tho 

maximum mass of air moved up the frontal surface a short time before 

0900 GMT, the agreement in tho tines of maximum precipitation and the 

maximum air movement is Improved. 

Anothor matter for consideration is the amount of lifting 

necessary to produce condensation. This waa considered by investigat- 

ing tho radiosonde observations at Oklahoma City during tho poriod. 
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The average amount of lifting necessary to produce condensation was 

computed at 0300 GMT and 1500 GMT on the 11th and 12th of July 1951. 

In the computation of theso everagos, the amount of lifting required 

was determined from a Stuvu dxaji-pr for ?o] ooted points on the sounding, 

the selocted points bein& nil significant poJj.to from the surface to 

850 mb inclusive. In most cajes only throe points wore used. Those 

overage- are shown in table 2. 

TABLE 2 

AVERAGE AMOUNT OF LIFTING NECESSARY TO PfttDCCE CONDaiJATION 
IN THE UIER OF AIR DFWEH) THE SURFACE AHD 850 MB AT 

CTMATM CITY 

Date Time (GMT) Amount of Lifting (ft) 

July 11, 1951 0300 2300 

July 11, 1951 1500 2600 

July 12, 1951 0300 2A00 

July 12, 1951 1500 3200 

The soundings at 0300 GMT (9 P.M. local time) indicate that 

surface cooling had alrocdy begun. Soundings at 1500 GMT (9 A.M. 

local time) show c dry adiabatic lapse rato in a very thin layer near 

the earth's surface. 

In each of the above cases there is a marked increase of lifting 

necescary to produce condensation of the lower layer of air, from the 

evening to the morning soundings. It is quite possible that if sound- 

ings wore nvailcblo for 0900 GMT and 2100 GMT they would show a greater 

difference, because soundings at those times would show a greater amount 

of rcdiational cooling and daytimo heating respectively. 
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Moans C93 suggests thr.t the rxlvoction of verm dr In the lover 

layers is an important factor in the development of night-time thunder- 

storms in Mid-western U. S. In tho investigation of this slturtion, 

it was found that frontal lifting sooaed to bo a much more important 

factor* 

A. CONCLUSION 

In this investigation it vas found that thero was a marked 

increase in the transport of air up tho frontal surface from 2100 to 

0900 GMT with a probable maximum shortly before 0900 GMT. Also, 

there vas a decrease in tho transport of air up the frontal surface 

from 0900 to 2100 GMT. Since tho amount of lifting necessary to 

produce condensation is a function of the difference between the tem- 

perature and devpoint, the diurnal variation in this difference, 

however small, produced a noticeable effect. Tho layer of air below 

850 mb at 0300 GMT required less lifting to produce condensation than 

it did at 1500 GMT. The combination of these factors* and possibly 

others, resulted in an increase in precipitation during the night 

and a decrease during tho day. 
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